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Description 

Technical Field 

5 The present invention is directed to a cube-corner retroreflective article, and is particularly directed to such 

articles that have improved brightness at high angles of incidence. 

Background Art 

10 Cube-corner retroreflective materials are used extensively in highway signs, street signs, and pavement 

markers. The retroreflective material is characterized by its ability to reflect light back towards the source of 
a non-perpendicular incident ray. Retroreflection can be distinguished from specular reflection (i.e., mirrors), 
or from diffuse reflective sources, that scatter the incident light in all directions. 

The reflected light from a retroreflective article generally spreads as it leaves the article into a cone-like 
. 15 pattern centered on the path the light travelled to the reflective article. Such spreading is necessary for prac- 
tical utility of the reflective article. As an example, the light from the headlights of an oncoming vehicle, re- 
flected back towards the vehicle by a retroreflective sign, must diverge sufficiently to reach the eyes of the 
driver, who is positioned off-axis from the headlight beam. In conventional cube-corner retroreflective articles, 
this cone-like spreading of retroreflective light is obtained through imperfections in cube-corner retroreflective 

20 elements (e.g., non-flatness of the faces, tilting of faces from their mutually perpendicular positions, etc.), and 
through diffraction caused because light exits through an aperture defined by the base edges of the three 
reflecting faces (See , Stamm U.S. Patent No. 3,712,706). 

Because a road sign or the like is viewed from a multitude of relative positions (curves in the road, etc.) 
the angle of incidence (entrance angle of the light see Fig. 11) is often greater than optimum. Cube-corner 

25 type retroreflective materials typically exhibit progressively less reflectivity as the entrance angle of viewing 
light is increased. Often, such materials lose significant amounts of reflectivity at entrance angles of greater 
than about 20 degrees, and may lose nearly all of their reflectivity when the entrance angle becomes greater 
than about 40 degrees. The entrance angle of the incident light is measured from the line perpendicular to the 
surface of the retroreflective sheeting material. 

30 Cube-corner retroreflective elements inherently have low angularity, i.e., poor retroreflective performance 

beyond low entrance angles. Cube-corner retroreflective elements used in retroreflective sheeting are trihed- 
ral structures having three mutually perpendicular lateral faces, such as the three mutually perpendicular lat- 
eral faces that occur at the corner of a cube. In use, the elements are arranged so that light to be retroref lected 
impinges into the internal space defined by the faces, and retroreflection of the impinging light occurs by total 

35 internal reflection (T.I.R.) of the light from face to face of the element Impinging light that is inclined substan- 
tially away from the optical axis of the element (which is the trisector of the internal space defined by the faces 
of the element) strikes a face at an angle less than the critical angle for T.I.R. , thereby passing through the 
face rather than being reflected . 

Retroref lected articles having improved angularity along multiple viewing planes are described in U.S. Pa- 

40 tent No. 4,588,258 (hereinafter "the '258 patent"). This document discloses a retroreflective article according 
to the preamble of claim 1. The retroref lected elements described in the '258 patent are canted to improve the 
angularity of the retroreflective material. However, as canting is increased, the percentage of light returned 
(as measured at near normal incidence) is decreased. Thus, in obtaining a given amount of light return, as 
required for adequate performance in a particular setting, there are limits on the degree to which canting can 

45 be used to improve angularity. Accordingly, in situations where angularity is particularly important, such as in 
an urban setting or on a winding road, angularity must be maximized without allowing brightness to fall below 
a threshold level. 

Accordingly, there is a need for a retroreflective article that exhibits extremely high angularity, that is par- 
ticularly adapted for use in an urban setting or on a winding road, but which also has adequate brightness over 
so the viewing distance of the sign. 

Disclosure of Invention 

The present invention provides an improved cube-corner retroreflective article that exhibits a wide range 
55 of retroreflective angularity in multiple viewing planes. The present invention provides cube-corner retroreflec- 
tive elements having a decreased size, as measured by the height of the cube corner, thereby decreasing the 
amount of canting required to achieve a given angularity. Alternatively, angularity can be enhanced by leaving 
the degree of canting constant and decreasing the size of the cube corner. 
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The retroreflective article of the present invention is defined in claim 1. 

Preferably the height "h" is about 25 to 100 um, most preferably about 50 to 100 urn. Preferred angles of 
cant and heights of cube-corner elements are for elements having an index of refraction of about 1.6. 

5 Brief Description of Drawings 

Fig. 1 is a perspective view showing a cube-corner retroref lective element used in retroreflective articles 
of the invention; 

Figs. 2A, 2B, 2C are side elevational views of the lateral faces of the cube corner element shown in Fig. 
10 1; 

Fig. 3 is a plan view of retroref lective sheeting of the invention with a dense array of cube-corner elements 
as pictured in Figs. 1 and 2; 

Figs. 4A and 4B are sectional views taken along the lines 4A-4A and 4B-4B of Fig. 3 showing two repre- 
sentative matched pairs of cube-corner elements in retroref lective sheeting of the invention; 
15 Fig. 5 is a graph of isobrightness. curves measured for reflective sheeting of the prior art; 

Fig. 6 is a graph of isobrightness curves measured for a representative retroref lective sheeting of the in- 
vention; 

Fig. 7 is a graph of isobrightness curves measured for a representative retroref lective sheeting of the in- 
vention; 

20 Fig. 8 is a graph of isobrightness curves measured for a representative retroreflective sheeting of the in- 

vention; 

Fig. 9 is a graph of luminance versus distance for the reflective sheetings depicted in Figs. 5-8; 
Fig. 10 is a graph of luminance versus distance for the reflective sheetings depicted in Figs. 5-8; and 
Fig. 11 is a schematic drawing depicting the devices, angles, and axes used to measure parameters of 
25 reflective materials. 

Detail Description 

The retroreflective elements of the present invention have the basic structure of those taught in U.S. Pa- 

30 tent No. 4,588,258 (the '258 patent). However, retroreflective elements of the present invention are smaller in 
size than those described in the '258 patent The smaller size permits the elements of the present invention 
to be canted less than those described in the '258 patent. The '258 patent describes the preferred cant to be 
"between about 7 and slightly less then 10 degrees" (Col. 3, lines 29-30). 

Referring to Figure 1 , a cube-corner retroreflective element useful in retroreflective sheeting of the present 

35 invention is shown. A side elevational view is shown in Figs. 2A, 2B, and 2C. As shown, the element 10 has 
three mutually perpendicular lateral faces 12, 14, and 16, which meet at an apex 18. The base edges 20 of 
each of the lateral faces 12, 14, and 16 are linear and lie in a base plane 22 of the element The element 10 
also includes an optical axis 24, which is a trisector of the internal angle defined by the lateral faces 12, 14, 
and 16. The optical axis 24 is tilted or canted with respect to the perpendicular line 26 that is perpendicular to 

ao the base plane 22. The degree of canting is represented by the angle, alpha, between the optical axis 24 and 
the perpendicular line 26 (see Figs. 2A and 2C). Light incident on the base plane 22, is internally reflected by 
one of the three lateral faces to a second face, then to a third face, and then back through the base plane 22, 
and retroref I ected back toward the source of light 

In retroreflective sheeting of the invention, a cube-corner element as shown in Figs. 1 and 2 is generally 

45 used with at least one other cube-corner element as part of a matched pair, and typically as a part of an array 
of rows and columns of such pairs of elements. An array of elements is shown in plan view in Fig. 3. Fig. 3 
depicts the back of a portion of a representative retroreflective sheeting 30 of the invention. The elements are 
joined together, e.g., by being formed as a part of a single integral sheet material, or by being attached at their 
base plane 22 to a base film 32 (Fig. 4A). Because the base edges 20 of the elements 10 are linear and in a 

so common plane (base plane 22), an array of such elements is defined by intersecting sets of grooves. Element 
10/ in Fig. 3 is defined by three V-shaped grooves 34, 36, and 38, which are each one member of three sets 
of grooves which cross the array in an intersecting pattern. The arrow 40 represents the direction of the primary 
grooves 42 (groove 38 is a member of the set of primary grooves 42). The elements 1 0 are canted with respect 
to the primary grooves 42, being tilted towards or away from the respective primary groove. 

55 Fig. 4 shows in sectional view a portion of the article pictured in Fig. 3, and shows the base film 32 con- 

necting the elements 10 together. The elements 10 have a height "h" as shown in Fig. 4A. 

As seen from Figs. 3, 4A, and 4B the cube-corner elements 10 can be considered as being arranged in 
pairs, with the optical axes 24 of the elements in each pair being tilted or canted toward one edge of the ele- 
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ments, when considered from the front surface 50 of the article 30 on which light to be retroreflected impinges. 
The optical axes 24 are tilted towards or away from the primary groove 42. 

Referring to Figs. 5-8, isobrightness curves for various retrorefiective sheetings described below (Com- 
parative Example Aand Examples 1-3) are shown. The orientation angle of the measured isobrightness varies 

5 360° from zero degrees clockwise to 90°, 180°, 270°, and beyond. The concentric circles indicate each 15° 
increase of the entrance angle (incident angle) of the light being reflected. These concentric circles represent 
entrance angles of 15°, 30°, 45°, and 60°. Sixty degrees represents the maximum capability of the machine 
used for testing. The isobrightness curves plotted and labelled, 10% - 90%, represent the percentage of the 
maximum brightness (candelas/lux/m 2 ). By way of example, referring to Fig. 5, at a 0° orientation angle, and 

10 a 30° entrance angle, between 50% and 60% of the maximum light return is retroreflected. 

Referring to Figs. 9 and 10, the luminance for the sheetings of Comparative Example A and Examples 1- 
3 are plotted against distance (meters). The curves for the respective Examples are identified as "A", "1 "2", 
and "3". The plot for Fig. 9 is for a 90° orientation, 0° twist (sign face positioned at 93° to the road direction), 
right shoulder sign, in rural ambient illumination, standard sedan. Ford Taurus headlamps. Distance is meas- 

15 ured in meters on the X-axis and luminance is measured in candelas/m 2 on the Y-axis. Fig. 10 shows a lumi- 
nance curve similar to Fig. 9 for a sign face positioned at 128° to the road direction (35° twist). 

Referring to Fig. 11, a schematic drawing of the devices, angles, and axes of United States Federal Test 
Method Standard 370 is shown. The sheeting 60 is positioned such that the primary groove (42 in Fig. 3) runs 
in a vertical direction. A datum mark 62 is marked on the sheeting 60 so as to indicate the direction of primary 

20 grooves 42. An indicia mark 64 is marked at the center of the sheeting 60, and is the point at which the light 
impinges on the sheeting. The Y-axis is parallel to the primary grooves. The X-axis is perpendicular to the plane 
of the sheeting, and is in the same plane as, or in a parallel plane to, the plane of the cant of the retrorefiective 
elements. The 2-axis runs through the sheeting, perpendicular to the Y-axis. An entrance plane 70 includes a 
light source 72, a reference axis 74, the indicia mark 64, and an axis of incident light 76. The reference axis 

25 74 is perpendicular to the plane of the sheeting material 60, extending from the indicia mark 64. The axis of 
incident light 76 is the line along which the light travels from the source 72 to the indicia mark 64. A photore- 
ceptor 80 measures the retroreflected light that travels from the sheeting 60 along an observation axis 82 to 
the photoreceptor 80. An orientation angle, 0 r , is the angle between the entrance plane 70 and the Y-axis, or 
the primary grooves 42. An observation angle, O b , is the angle between the observation axis 82 and the axis 

30 of incident light 76. An entrance angle, E, is the angle between the axis of incident light 76 and the reference 
axis 74. A presentation plane 84 is a plane including the observation axis 82 and the axis of incident light 76. 
An angle, P, is the angle between the presentation plane 84 and the entrance plane 70. 

The '258 patent defines the X-axis plane as the plane or parallel planes in which the tilting of the optical 
axis of the elements occurs (Column 5, lines 14-1 7). The Y-axis plane is defined as a plane perpendicular to 

35 the X-axis plane and the base plane of the elements (Column 5, lines 50-52). The '258 patent reports that the 
sheeting has a broadened angular range in the X-axis plane, as well as an increase in angular range in the Y 
plane (See Figs. 5 and 6 of the '258 patent). An example of sheeting according to the '258 patent is 3M diamond 
grade sheeting (having a cant of 9.2°, a cube height of 1 75 jim, and nonorthogonal errors of 2.3 and 5 minutes) 
as described in Comparative Example A below. 

40 The smaller and less canted cubes (e.g., 4.3° cant, 87.5 um height), of the present invention demonstrate 

a broadening of the improved angularity ranges demonstrated near 90° and to 270°, and near 0° and 180° ori- 
entation. These shoulders of angularity, or a broadening of the improved angularity, near the 90-270° and the 
0-180° orientations, is shown, for example, by comparing Fig. 5 (prior art) with Fig. 8. 

Thus, within about 0-20° of the most preferred orientations (90°, 270°) and next most preferred orientations 

45 (0°, 180°) improved angularity performance is also shown. This broadening of the improved response (broad- 
ened shoulders) is important because, for example, a pair of headlights on a standard sedan actually strike 
an intended 90° right shoulder sign an orientation angle of about 104° to 109°. 

This result is further illustrated in Figs. 5-8 which are sets of isobrightness curves for articles of the in- 
vention (Figs. 6-8), as compared to articles of the prior art (Fig. 5). 

so The retrorefiective sheeting described in the isobrightness curves of Figs. 5-8 are described in Compar- 

ative Example A, and Examples 1-3, respectively. Figures 5-8 were all measured at a 0.20° observation angle, 
and a 0° presentation angle (see Fig. 11). The angle of cant (alpha), cube-height (h), half groove angle error, 
and maximum brightness are summarized in Table 1 below. The isobrightness lines represent a percentage, 
e.g., 10%, of the maximum brightness as set forth in Table 1. 

55 
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TABLE 1 ' 

Half Max. 

Groove Brightness 

Angle Angle (candelas/ 

Figure Alpha Cube Height: fhl Error lux/m2) 



15 



5 


9 


.2° 


175 


/xm 


2 


-3, 


-5 minutes 


1254 . 00 


6 


8 


.2° 


87 . 5 


fxm 




li 


-3 minutes 


1464 . 00 


7 


9 


.2° 


87 . 5 


fxm 


4 




-10 minutes 


285. 00 


8 


4 


.3° 


87.5 


u.m 


4 


•6, 


-10 minutes 


605.00 



Referring to Fig. 5, the prior art cube corner sheeting depicted demonstrates good angularity when the 
sheeting is oriented on a road sign to take advantage of angularity at 90° and 270° orientation in the plot shown 
20 in Fig. 5. The apparent brightness or luminance of a sign made from this sheeting oriented to give maximum 
angularity was calculated for a right shoulder sign position, Ford Taurus vehicle, at distances of 300 to 30 meters 
from the sign. 

The brightness values for this sheeting are plotted in Fig. 9 (curve A). Figure 9 depicts luminance versus 
distance for a maximum orientation, 0° twist, right shoulder sign in rural ambient illumination, standard sedan, 
25 Taurus headlamps. Distance is measured in meters on the X-axis and luminance is measured in candelas/m 2 
on the Y-axis. 

The sheeting is bright from 300 to 120 meters, but falls off rapidly in the region of 120 to 30 meters. In 
Figure 9, the calculation is for a sign whose face is positioned nearly perpendicular to the road direction (93°). 
The angularity can be demonstrated by twisting the sign mount to increase the angle at which headlamp 
30 light impinges on the sign (entrance angle). Fig. 10 shows a luminance curve similar to Fig. 9 for a sign face 
positioned at 128° to the road direction (35° twist). The plot for Comparative Example A shows that the bright- 
ness has fallen off considerably. 

Referring to Fig. 6, a graph of isoretroref lectance for sheeting of the invention described in Example 1 , 
supra, is shown. The 90° and 270° lobes extend beyond 60° (exceeding the instruments measurement capa- 
35 bilities). The 30% line is at about the same location as the 10% line for Comparative Example A (Fig. 5). This 
demonstrates that the smaller cube corners have redistributed the light, so that even though the canting of 
Example 1 sheeting is less than that of Comparative Example A, the angularity^or the properly oriented sign 
is improved. 

The luminance curves shown in Figs. 9 and 10further illustrate the benefits of smaller cubes. Fig. 9 shows 

40 the luminance curves of Comparative Example A and Example 1 to be very similar. However, in Figure 10, 
when the sign mount is twisted 35° to increase the entrance angle by 35°, the luminance curve of Example 1 
is significantly better than that of Comparative Example A from 300 meters to 90 meters. Thus, the perfor- 
mance of the sheeting of the present invention has been improved over 65% of the viewing range even though 
the cubes were canted less than those for the prior art sheeting. 

45 In these two examples, luminance calculations were done for a right shoulder sign and sign position angle 

was limited to values between 93° and 128° as these conditions include the majority of road signs. In Fig. 6 
the 10% and 20% contours are not continuous at 60° because the measurements reached the limit of the in- 
strument on which data was taken. 

A graph of isoretroref lectance for the sheeting, described in Example 2 is shown in Fig. 7. Comparing Figs. 

so 5, 6, and 7 it is seen that the angularity of this sheeting near orientation angles of 90° and 270° is considerably 
better than that of Comparative Example A and slightly better than that of Example 1. Fig. 9 shows Example 
2 to have a lower brightness from 300 meters to 75 meters. However, from 75 meters to 30 meters the bright- 
ness of Example 2 exceeds that of either Comparative Example A or Example 1. This close-in improvement 
is highly desirable. Fig. 10 shows Example 2 to have adequate performance for a sign position angle of 128° 

55 (35° twist). 

The data in Fig. 7 shows that sheeting of Example 2 would perform better than sheeting of Comparative 
Example A or Example 1 if the sign is twisted beyond 35°. 

The sheeting of Example 3 illustrates how the improved angularity of small cube corners has been utilized 
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to improve performance under the widest range of conditions. 

The isoretroreflectance plot for Example 3 is shown in Fig. 8. Surprisingly, the plot is an improvement over 
that for Comparative Example A as it is less sensitive to orientation angle. As is shown in Fig. 8, the improved 
angularity at 90°, 180°, 270°, and 0°, extends for orientation angles on either side of these four orientation an- 
5 gles. For example, the shoulders 56 and 58 in Fig. 8 depict good angularity at angles 10-20° from 270° and 
1 80°, respectively. Thus, a sign that is intended to be viewed at an orientation angle of 270° will also be effective 
if it is actually viewed at slightly different orientation angles. In this manner, the isoretroreflectance response 
for Example 3, depicted in Fig. 8, is less sensitive to orientation angle. 

The luminance curve for Example 3 is shown in Fig. 9. This sheeting differs from the other sheetings in 
10 that there are no weak regions of performance. Most importantly, from 120 to 30 meters, Example 3 sheeting 
significantly out-performs the other sheetings. 

Fig. 10 shows the performance at 35° twist This figure shows a small sacrifice in performance compared 
to Example 1 from 120 to 30 meters in order to obtain the performance at 0° twist, a situation of much more 
frequent occurrence. 

15 The sheeting of Example 3 demonstrates that smaller cube corners with reduced canting can provide: a) 

an angularity response directed where it is most useful; b) a uniform luminance response throughout normal 
viewing distances of signs (30 to 300 meters); and c) while still providing adequate angularity for high entrance 
angle sign placements. 

Reflective sheeting of the invention may be made as one integral material, e.g., by embossing a preformed 
20 sheet with a described array of cube-corner elements, or casting a fluid material in to a mold; or they may be 
made as a layered product, e.g., by casting the elements against a preformed film as taught in U.S. Pat No. 
3,684,348, or by laminating a preformed film over the front face of individual molded elements. For example, 
effective sheeting of the invention may be made with a nickel mold, made by electrolytic deposition of nickel 
onto a grooved plate. The electroformed mold may be used as a stamper to emboss the pattern of the mold 
25 onto a polycarbonate film (e.g., 500 um thick, having an index or refraction of about 1.59). The mold may be 
used in a press with the pressing done at a temperature of about 175° - 200° C. 

Useful materials for making the cover sheet and reflective elements, are preferably materials which are 
dimensionally stable, durable, weatherable, and readily formable into the desired configuration. Examples of 
suitable materials include acrylics, which generally have an index of refraction of about 1.5, such as Plexiglas 
30 resin from Rohm and Haas; polycarbonates, which have an index of refraction of about 1 .6; polyethylene-based 
ionomers (marketed under the name of "SURtYN"); polyesters; and cellulose acetate butyrates. Generally any 
transparent material that is formable, typically under heat and pressure, may be used. The cover sheet may 
also include UV absorbers or other additives as needed. 

A suitable backing layer may be made of any transparent or opaque material, including colored or non- 
35 colored materials, which can be sealingly engaged with the retroref lective elements 10. Suitable backing ma- 
terials include aluminum sheeting, galvanized steel, polymeric materials, such as polymethyl methacrylates, 
polyesters, poiyamides, polyvinyl fluorides, polycarbonates, polyvinyl chlorides, and a wide variety of laminates 
made from these and other materials. 

The backing layer or sheet may be sealed in a grid pattern or m any other suitable conf iguration to the 
40 reflecting elements. Sealing may be affected by use of a number of methods, including ultrasonic welding, ad- 
hesrves, or by heat sealing at discrete locations on the array of reflecting elements (see, for example, U.S. 
Patent No. 3,924,929). Sealing is desirable to prevent entry of soil and moisture and to preserve the airspaces 
around the cube corner reflecting surfaces. 

If added strength or toughness is required in the composite, backing sheets of polycarbonate, polybutyrate 
45 or fiber-reinforced plastic may be used. Depending upon the degree of flexibility of the resulting retroref lective 
material, the material may be rolledor cut into strips or other suitable designs. The retroref lective material may 
also be backed with an adhesive and release sheet to render it useful for application to any substrate without 
the added step of applying an adhesive or using other fastening means. 

The retroref lective elements of the present invention may be individually tailored so as to distribute light 
so retroref lected by the articles into a desired pattern or divergence profile, as taught by U.S. Patent 4,775,219 
(see also the related European Patent application 0 269 329). Typically the half groove angle error intentionally 
introduced will be less than ±20 arc minutes, and often less than ±5 arc minutes. 

The tilts in the angles of the faces to form non-orthogonal corners may be included in sets or repeating 
patterns, divided into repeating sub arrays. The overall pattern of light retroreflected by an article, i.e., the di- 
55 vergence profile of the article, comprises the summation of the different light patterns in which the sub-arrays 
retroreflect incident light Individual distinctively shaped light patterns can be selected to give the overall pat- 
tern a desired shape or contour. Alternatively, the error may be randomly distributed throughout the array. 
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COMPARATIVE EXAMPLE A 

Aretroreflective sheeting of the prior art was molded from a nickel mold. The optical axes of the cube cor- 
ner elements were tilted (alpha) at 9.2° and the groove angles of this sheeting departed from the values giving 
5 orthogonal dihedral angles by +2.3 and -5 arc minutes, as described in the above-referenced patent. The cube 
corners described in this invention are truncated as opposed to full cube corners made from pin bundles; The 
height of the truncated cube corners, w h\ is measured from the base to the apex. The height of the cube corner 
elements described in this example was 175 um. 



10 EXAMPLE 1 



Retroreflective sheeting of the present invention was made in a manner similar to that described for the 
sheeting in comparative Example A. The sheeting of Example 1 has the cube corner heights of only about 87.5 
urn, the groove angles depart from those giving orthogonal dihedral angles by +1 and -3 arc minutes in the 
15 same pattern as in Comparative Example A The angle alpha (cant) was 8.2°. 

EXAMPLE 2 

Retroreflective sheeting of the present invention was made in a manner similar to that described in Com- 
20 parative Examples A. The cube corner height, h, was 87.5 jim. The groove angles giving orthogonal dihedral 
angles were +4.6 and -10 arc minutes in the same pattern as the previous examples. The optical axes of the 
cube corner elements were tilted at an angle, alpha, of 9.2°. 



EXAMPLE 3 

Retroreflective sheeting of the present invention was made in a manner similar to that described for the 
sheeting in comparative Example A. The groove angle departed from those giving orthogonal dihedral angles 
by 4.6 and -10 minutes. The sheeting of Example 3 had an angle, alpha of only 4.3°, and a height, h, of 87.5 
um. 



Claims 

1 . A retroreflective article (30) comprising at least one pair of cube corner retroreflective elements (10), the 
35 three mutually perpendicular lateral faces (1 2, 14, and 16) of each element (10) being defined at their bas- 
es by linear edges (20) that lie in a common plane (22) so that the base of each element (1 0) constitutes 
a triangle, the bases of both the elements in the pair being positioned in the common plane (22) with both 
the apices of the cube corner elements positioned on the same side of this plane, the two elements in 
the pair being positioned next to each other and having one of their linear edges in common, each element 

40 having an optical axis (24) defined as the trisector of the internal angle defined by the three lateral faces 

(12, 14, and 16) of the cube corner element (10), the optical axes (24) of the elements in the pair being 
tilted in relation to one another, the tilt being such that for each element in the pair of elements the distance 
between the apex (18) of the element and a plane, defined as the plane containing the common edge of 
said pair of elements and being perpendicular to the base plane (22), is not equal to the distance between 

45 said plane and the point of intersection between the optical axis (24) and the base plane (22); character- 

ized in that: 

the height "h" of each retroreflective element, measured from the base to the apex (18) of the ele- 
ment along a line perpendicular to the base plane, is less than 150 \im; and in that 

the tilt, alpha, of the optical axis (24) of each element of the pair from the line (26) perpendicular 
so to said common base plane (22) is 2° to 5°. 

2. The retroreflective article of claim 1 in which the height "h" is about 25 \wn to 100 urn. 

3. The retroreflective article of claim 2 in which the height "h" is about 50 uxn to 100 um. 



55 



The retroreflective article of Claim 1 wherein at least one of said elements has groove angles which depart 
from the angles yielding orthogonal dihedral angles by 20 arc minutes or less and such departure is dis- 
tributed in a random pattern throughout 
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5. The retroreflective article of Claim 4 wherein at least one of said elements have groove angles which de- 
part from those which yield orthogonal dihedral angles by 5 arc minutes or less. 

6. The retroreflective article of Claim 1 wherein said pairs of elements are arranged in an array of rows and 
5 columns. 

7. The retroreflective article of Claim 1 further including a backing layer. 

8. The retroreflective article of Claim 1 wherein said elements consist of a polymeric material having an index 
of refraction of about 1 .5, and the height, "h" is about 25 um to 100 jim. 

10 

9. The retroreflective article of Claim 1 wherein the optical axes of the cube corner retroreflective elements 
in adjacent pairs are coplanar. 

15 Patentanspruche 

1. Ruckstrahlender Gegenstand (30) umfassend mindestens ein Paar von wurfeleckigen ruckstrahlenden 
Elementen (10), wobei die drei zueinander senkrechten Seitenflachen (12, 14 und 16) von jedem Element 
(10) an der Basis durch lineare Kanten (20) begrenzt sind, die in einer gemeinsamen Ebene (22) liegen, 

20 so daB die Basis von jedem Element (10) ein Dreieck bildet, wobei beide Elemente des Paares mit ihrer 

Basis in der gemeinsamen Ebene (22) liegen, wobei die Spitzen der wurfeleckigen Elemente auf dersel- 
ben Seite dieser Ebene positioniert sind, die beiden Elemente in dem Paar nebeneinander positioniert 
sind und eine ihrer linearen Kanten gemeinsam haben, jedes Element eine optische Achse (24) besitzt, 
die als Trisektor des durch die drei Seitenflachen (12, 14 und 16) des wurfeleckigen Elementes (10) ge- 

25 bildeten Innenwinkels def iniert ist, wobei die optische n Achsen (24) der Elemente in dem Paar zueinander 

geneigt sind, wobei die Neigung so ist, daS fur jedes Element in dem Paar von Elementen der Abstand 
zwischen der Spitze (18) des Elementes und einer Ebene, die def iniert ist als die Ebene, welche die ge- 
meinsame Kante des Paares von Elementen enthalt und senkrecht zur Basisebene (22) stent, nicht gleich 
ist dem Abstand zwischen der Ebene und dem Schnittpunkt zwischen der optischen Achse (24) und der 

30 Basisebene (22); dadurch gekennzeichnet, daB: 

die Hone "h" von jedem ruckstrahlenden Element, gemessen von der Basis zur Spitze (18) des Elements 
entlang einer zur Basisebene senkrechten Linie, kieiner ist als 150 jim; und daB 

die Neigung a der optischen Achse (24) von jedem Element des Paares gegenuber der zur gemeinsamen 
Basisebene (22) senkrechten Linie (26) 2° bis 5° betragt. 

35 

2. Ruckstrahlender Gegenstand nach Anspruch 1 , bei dem die Hone "h" etwa 25 \xm bis 100 u/n betragt 

3. Ruckstrahlender Gegenstand nach Anspruch 2, bei dem die Hohe "h* etwa 50 jam bis 100 \ixn betragt. 

40 4. Ruckstrahlender Gegenstand nach Anspruch 1 , bei dem mindestens eines der Elemente Furchenwinkel 
besitzt, die von den die orthogonalen Flachenwinkel ergebenden Winkeln um 20 Bogenminuten oder we- 
niger abweichen, und bei dem diese Abweichung durchwegs in einem zufalligen Muster vertei It ist. 



45 



Ruckstrahlender Gegenstand nach Anspruch 4, bei dem mindestens eines der Elemente Furchenwinkel 
besitzt, die von den die orthogonalen Flachenwinkel ergebenden Winkeln um 5 Bogenminuten oder we- 
niger abweichen. 

6. Ruckstrahlender Gegenstand nach Anspruch 1 , bei dem die Paare von Elementen in einer Anordnung von 
Reihen und Spalten angeordnet sind. 

50 7. Ruckstrahlender Gegenstand nach Anspruch 1 , des weiteren umfassend eine Tragerschicht 

8. Ruckstrahlender Gegenstand nach Anspruch 1 , bei dem die Elemente aus einem polymeren Material mit 
einem Brechungsindex von etwa 1,5 bestehen, und die Hohe "h w etwa 25 urn bis 100 um betragt. 

55 9. Ruckstrahlender Gegenstand nach Anspruch 1, bei dem die optischen Achsen der wurfeleckigen ruck- 
strahlenden Elemente in benachbarten Paaren in derselben Ebene liegen. 
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Revendications 

1. Article retroreflechissant (30) comprenant au moins une paire d'elements retroreflechissants a coin de 
cube (10), les trois faces laterales reciproquement perpendiculaires (12, 14 et 16) de chaque element (10) 
etant determinees a leurs bases par des aretes lineaires (20) qui sont situees dans un plan commun (22) 
de sorte que la base de chaque element (10) constitue un triangle, les bases des deux elements de la 
paire etant positionnees dans le plan commun (22), les deux sommets des elements a coins de cube etant 
positionnes du meme cdte de ce plan, les deux elements de la paire etant positionnes Tun pres de I'autre 
et ayant en commun une de leurs aretes lineaires, chaque element ayant un axe optique (24) def ini comme 
etant la trisectrice de Tangle interne def ini par les trois faces laterales (12, 14 et 16) de I'element a coin 
de cube (1 0), les axes optiques (24) des elements de la paire etant inclines Tun par rapport a I'autre, I'in- 
clinaison etant telle que pour chaque element de la paire d'elements la distance entre le sommet (18) de 
Telement et un plan, determine comme etant le plan contenant I'arete commune de la paire d'elements 
et etant perpend iculaire au plan de base (22), n'est pas egale.a la distance entre ledit plan et le point d'in- 
tersection entre I'axe optique (24) et le plan de base (22), caracterise en ce que : 

ia hauteur "h" de chaque element retroreflechissant, mesuree depuis la base jusqu'au sommet (18) 
de I'element, le long d'une ligne perpendiculaire au plan de base, est inferieure a 150 micrometres, et 
Tinclinaison, alpha, de I'axe optique (24) de.chaque element de la paire par rapport a ia ligne (26) per- 
pendiculaire au plan de base commun (22) precite est comprise entre 2° et 5°. 

2. Article retroreflechissant de la revendication 1, caracterise en ce que la hauteur "rT est comprise entre 
approximativement 25 micrometres et 100 micrometres. 

3. Article retroreflechissant de la revendication 2, caracterise en ce que la hauteur "h" est comprise entre 
approximativement 50 micrometres et 100 micrometres. 

4. Article retroreflechissant de la revendication 1, caracterise en ce qu'au moins un des elements precites 

presente des angles de rainure qui s'ecartentde 20 minutes d'arcou moins des angles donnant des angles 

de diedres orthogonaux, et en ce que cet ecart est distribue d'un bout a I'autre selon une conf iguration 

aleatorre. 
30 

5. Article retroreflechissant de la revendication 4, caracterise en ce qu'au moins un des elements precites 
presente des angles de rainure qui s'ecartent de 5 minutes d'arc ou moins de ceux qui donnent des angles 
de diedre orthogonal. 

35 6. Article retroreflechissant de la revendication 1 , caracterise en ce que les paires d'elements precitees sont 
agencees dans un agencement de rangees et de colonnes. 

7. Article retroreflechissant de la revendication 1 , caracterise en ce qu'il comprend en outre une couche por- 
teuse. 

40 

8. Article retroreflechissant de la revendication 1 , caracterise en ce que les elements precites sont consti- 
tues d'un materiau polymere ayant un indice de refraction d'approximativement 1 ,5 et en ce que la hauteur 
"h" est d'approximativement 25 micrometres a 100 micrometres. 

45 9. Article retroreflechissant de la revendication 1 , caracteris6 en ce que les axes optiques des elements re- 
troreflechissants, a coin de cube, de paires contigues sont coplanaires. 
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